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Abstract 
Objective: To evaluate the independent and combined associations of maternal self-reported 
poor sleep quality and antepartum depression with suicidal ideation during the third trimester 
Methods: A cross-sectional study was conducted among 1,298 pregnant women (between 24 
and 28 gestational weeks) attending prenatal clinics in Lima, Peru. Antepartum depression and 
suicidal ideation were assessed using the Patient Health Questionnaire-9 (PHQ-9). The 
Pittsburgh Sleep Quality Index (PSQI) questionnaire was used to assess sleep quality. 
Multivariate logistical regression procedures were used to estimate odds ratios (OR) and 95% 
confidence intervals (95% CI) after adjusting for putative confounders. 
Results: Approximately, 17% of women were classified as having poor sleep quality (defined 
using the recommended criteria of PSQI global score of >5 vs. ≤5). Further, the prevalence of 
antepartum depression and suicidal ideation were 10.3% and 8.5%, respectively in this cohort. 
After adjusting for confounders including depression, poor sleep quality was associated with a 
2.81-fold increased odds of suicidal ideation (OR=2.81; 95% CI 1.78-4.45). When assessed as a 
continuous variable, each 1-unit increase in the global PSQI score resulted in a 28% increase in 
odds for suicidal ideation, even after adjusting for depression (OR=1.28; 95% CI 1.15-1.41). The 
odds of suicidal ideation was particularly high among depressed women with poor sleep quality 
(OR=13.56 95% CI 7.53-24.41) as compared with women without either risk factor. 
Limitations: This cross-sectional study utilized self-reported data. Causality cannot be inferred, 
and results may not be fully generalizable. 
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Conclusion: Poor sleep quality, even after adjusting for depression, is associated with 
antepartum suicidal ideation. Our findings support the need to explore sleep-focused 
interventions for pregnant women. 
Key words: suicide, sleep, pregnancy, depression, Peru 
 
INTRODUCTION 
Suicidal behaviors are the leading causes of injury and death during pregnancy and postpartum 
(Lindahl et al., 2005; Oates, 2003) in some countries. During pregnancy, suicidal ideation is 
more common than suicidal attempts or deaths, with 5%-14% of women reporting suicidal 
thoughts (Lindahl et al., 2005). Suicidal ideation is often considered as a key predictor of later 
suicide attempt and completion and presents an opportunity for intervention prior to self-harm 
(Nock et al., 2008). Prior investigators have examined risk factors for suicidal ideation (Gelaye et 
al., 2016). These include history of abuse, sociodemographic characteristics, psychiatric 
comorbidities, gender norms, family dynamics, and cultural differences (Gelaye et al., 2016).  
There is an accumulating body of literature implicating sleep disturbances such as nightmares, 
insomnia, and poor sleep quality as important risk factors for suicidal ideation, suicide 
attempts, and death by suicide (Ağargün et al., 1997a, b; Bernert et al., 2005; Fawcett et al., 
1990; Goldstein et al., 2008; Krakow et al., 2000). 
 
Pregnancy is characterized by multiple hormonal and anatomical changes, often leading to 
sleep disturbances (Dzaja et al., 2005; Facco et al., 2010; Hedman et al., 2002; Pien and Schwab, 
2004). However, to date, we are aware of one study (Gelaye et al., 2015) that assessed self-
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reported sleep quality and suicide ideation among pregnant women during the first trimester. 
Given (1) this gap in the literature, and (2) that sleep complaints are more pronounced in late 
pregnancy, we sought to examine the associations of self-reported poor sleep quality and 
antepartum depression with suicidal ideation in pregnant women during the third trimester. 
 
METHODS  
Study Population 
This study was conducted using a cohort of pregnant women enrolled in the Screening, 
Treatment and Effective Management of Gestational Diabetes Mellitus (STEM-GDM) study, 
between February 2013 and June 2014. STEM-GDM is a prospective cohort study aimed at 
evaluating the prevalence of gestational diabetes mellitus (GDM) using the International 
Association of Diabetes and Pregnancy Study Groups (IAPSG) diagnostic criteria (Wendland et 
al., 2012). The cohort consisted of pregnant Peruvian women attending perinatal care at 
Instituto Nacional Materno Perinatal (INMP), the primary referral hospital for maternal and 
perinatal care in Lima Peru. Women were eligible if they were between 24 and 28 weeks 
gestation, were 18 years of age or older, spoke and read Spanish, and planned to deliver at 
INMP. Informed written consent was obtained from all participants. The Institutional Review 
Boards of the INMP, Lima, Peru and the Harvard T.H. Chan School of Public Health Office of 
Human Research Administration, Boston, MA, USA granted approval for the research protocol 
used in this study.  
 
Analytical Population 
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The study population is derived from information collected from participants who enrolled in 
the STEM-GDM study. A total of 1,774 eligible women were approached and 1,299 (73%) 
agreed to participate. After excluding 1 participant with missing information on the PHQ-9 
questionnaire, the final analyzed sample included 1,298 participants.  
 
Assessment of Sleep Quality 
The PSQI is a 19-item self-administered survey designed for the subjective evaluation of sleep 
quality and disturbances in clinical populations over the past month (Buysse et al., 1989). The 
19 items are categorized into seven clinically derived components including (1) sleep duration, 
(2) disturbances during sleep, (3) sleep latency, (4) dysfunction during the day due to 
sleepiness, (5) efficiency of sleep, (6) overall sleep quality and (7) need medication to sleep. 
Each component score is weighted equally from 0-3 and then summed to obtain a global score 
ranging from 0 to 21. Higher global scores indicate poorer sleep quality. A distinction between 
good and poor sleep is based on a global PSQI score >5, which yields 89.6% sensitivity and 
86.5% specificity (Buysse et al., 1989). Among pregnant Peruvian women, the Spanish-language 
version of the PSQI instrument has been found to have good construct validity (Zhong et al., 
2015b). 
 
Depressive Symptoms 
Depressive symptomatology during pregnancy was evaluated using the eight-item depression 
module of the Patient Health Questionnaire (PHQ-8) which includes all items from the PHQ-9 
except for suicidal ideation. The PHQ-9 has been demonstrated to be a reliable tool for 
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assessing depressive disorders among a diverse group of obstetrics-gynecology patients (Spitzer 
et al., 1999) and in Spanish-speaking women (Wulsin et al., 2002; Zhong et al., 2015a). The 
questionnaire evaluates depressive symptoms experienced by participants in the two weeks 
preceding the evaluation on a four-point scale a) never; b) several days; c) more than half the 
days; or d) nearly every day. The first 8 questions were used to calculate an overall depression 
score. Participants with PHQ-8 score ≥10 were categorized as showing depression, similar to 
the cutoff for the PHQ-9. 
 
Suicidal Ideation 
Suicidal ideation was evaluated based on participants’ response to question 9 of the PHQ-9 
(thoughts that you would be better off dead, or of hurting yourself in some way) in the 2 weeks 
prior to evaluation. Participants who responded with “several days,” “more than half the days,” 
or “nearly every day,” were classified as “yes” for suicidal ideation. Participants who responded 
“not at all” were classified as “no” for suicidal ideation. 
 
Other Covariates 
Participants completed a structured interview that collected detailed information on maternal 
sociodemographic characteristics, reproductive and medical histories, as well as lifestyle 
characteristics. Participants’ age was categorized as: 18–20, 20–29, 30–34 and ≥35 years. Other 
variables included maternal race (Mestizo vs. others), years of education (≤ 6, 7–12, and >12 
years), marital status (married or living with partner vs. others), employment status (yes vs. no), 
difficulty accessing basic foods (hard vs. not very hard), parity (nulliparous vs. multiparous), 
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planned current pregnancy (yes vs. no), smoke during pregnancy (yes vs. no), alcohol use during 
pregnancy (yes vs. no), gestational age at interview, pre-pregnancy body mass index (BMI), BMI 
at interview, and self-reported health in the last year (good vs. poor). 
 
Statistical Analysis 
We first examined participants’ maternal sociodemographic, lifestyle, behavioral and 
reproductive characteristics according to suicidal ideation. Student’s t tests were used to 
determine differences in distributions for continuous variables, and Chi-square tests were used 
for categorical variables. Multivariable logistic regression models were used to calculate odds 
ratios (ORs) and 95% confidence intervals (95%CIs) for suicidal ideation in relation to maternal 
reports of sleep quality and antepartum depression. To assess confounding, we entered 
covariates into each model one at a time and compared adjusted and unadjusted ORs. Final 
models included covariates that altered unadjusted ORs by at least 10% and those that were 
identified a priori as potential confounders. To determine the independent and joint effects of 
poor sleep quality and antepartum depression on suicidal ideation, we categorized participants 
as: (1) good sleep quality and no depression, (2) good sleep quality and depression, (3) poor 
sleep quality with no depression and (4) poor sleep quality with depression. Participants with 
good sleep quality and no depression were the reference group against which women in the 
other categories were compared.  Additionally, we evaluated the odds of suicide ideation 
across tertiles of PSQI global scores, where tertiles were defined based on the distribution of 
the PSQI scores of the entire cohort. Linear trends in odds of suicide ideation were evaluated by 
modeling the three tertiles as a continuous variable after allocating scores of 1, 2 and 3 for 
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sequentially higher tertiles. We next modeled PSQI global scores as a continuous variable to 
evaluate linear trends in risk of suicide ideation. Finally, we explored the possibility of a 
nonlinear relationship of PSQI global score with suicidal ideation by fitting a multivariable 
logistic regression model that implemented the generalized additive modeling (GAM) 
procedures with a cubic spline function. Statistical analyses were performed using SPSS 22 (IBM 
SPSS v22.0. Chicago, IL). The GAM analyses were performed using “R” software version 3.1.2. 
All reported p-values are two tailed and deemed statistically significant at α=0.05. 
 
RESULTS  
The sociodemographic and reproductive characteristic of the study participants are shown in 
Table 1. The cohort included 1,298 pregnant women ranging in age between 18 and 45 (mean = 
28.9 ± 6.1 years) with an average gestational age of 25.6 (SD= 1.2) weeks at interview. Overall, 
the majority of the participants were Mestizo (98.1%), married or living with a partner (86.4%), 
and had 7-12 years of education (53.7%). Approximately, half of the participants reported 
difficulty accessing basic foods (49.3%) and poor self-reported health during pregnancy (47.7%). 
The prevalence of antepartum depression was 10.3% and the prevalence of suicidal ideation 
was 8.5% in this cohort (Table 1). Further, 16.9% of the cohort was classified as having poor 
sleep quality (defined using the recommended criteria of PSQI global score of >5 vs. ≤5) 
(Supplemental Table 1).  
 
Participants with poor sleep quality had a more than 4-fold increased odds of suicidal ideation 
(OR = 4.81; 95% CI 3.19-7.24) (Table 2). After adjusting for confounders including age, parity, 
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access to basics, education, and unplanned pregnancy, there was a 4.47-fold increased odds of 
suicidal ideation (aOR = 4.47; 95% CI 2.94-6.78). Further adjustment for depression resulted in 
an attenuation of the association, namely after adjusting for depression, participants with poor 
sleep quality had 2.8-fold increased odds of suicidal ideation as compared with their 
counterparts who had good sleep quality (aOR = 2.81; 95%CI: 1.78-4.45) (Table 2). We also 
evaluated the odds of suicidal ideation across tertiles of PSQI global score. After adjustment for 
confounders including depression, women in the middle tertile (PSQI global score 3-5) had 1.25-
fold increased odds of suicidal ideation (aOR = 1.25; 95% CI 0.66-2.37) and women in the 
highest tertile had 2.82-fold increased odds (aOR = 2.82; 95% CI 1.51-5.27) when compared to 
those in the lowest tertile (PSQI global score ≤2) (Table 2). When assessed as a continuous 
variable, every 1-unit increase in the global PSQI score resulted in a 28% increase in odds for 
suicidal ideation (aOR = 1.28; 95% CI 1.15-1.41) suggesting a linear association in PSQI global 
scores and the odds of suicide ideation (Table 2; Figure 2). Reports of self-rated perceived sleep 
quality were largely consistent with PSQI-derived global scores (Figure 3). Participants with 
suicidal ideation had the highest mean PSQI global scores compared with those without suicidal 
ideation. 
 
Lastly, we explored the independent and joint effect of depression on sleep quality with the 
odds of suicide ideation through multivariate analyses (Table 3). In a fully adjusted model, 
women with depression and good sleep quality had increased odds of suicidal ideation (aOR = 
7.28; 95% CI 3.86-13.75), compared with women who had good sleep quality and no depression 
(i.e., the referent group). Women with poor sleep quality and no depression had a 3.50-fold 
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increased odds of suicidal ideation compared to the referent group (aOR = 3.50; 95% CI 2.02-
6.06). Women with poor sleep quality and depression had an increased odds suicidal ideation 
(aOR = 13.56, 95% CI 7.53-24.41), although the interaction term did not reach statistical 
significance (p = 0.18). 
 
DISCUSSION  
The prevalence of suicidal ideation was 8.5% in the cohort, while poor sleep quality was 
reported by 16.9% of women. After adjusting for confounders including antepartum 
depression, women with poor sleep quality had increased odds of suicidal ideation (aOR = 2.81; 
95% CI 1.78-4.45) compared to those with good sleep quality. When we assessed the PSQI 
global score as a continuous variable, we found that the odds of suicidal ideation increased by 
28% per each unit increase in PSQI global score (aOR = 1.28; 95% CI 1.15-1.41). We also found 
that women who reported both poor sleep quality and depression had an increased odds of 
suicidal ideation (aOR = 13.6; 95% CI 7.53-24.41) compared to their counterparts with neither 
risk factor. 
 
Previous studies have examined sleep quality and suicidal ideation in men and non-pregnant 
women. In a study among 51 men and women outpatients with chronic pain, those suffering 
from sleep onset insomnia were found to more likely to report suicide ideation and depressive 
symptoms (p<0.03) as compared with without sleep onset insomnia (Smith et al., 2004). 
Similarly, among adolescents from high-risk alcoholic families participating in a community 
based study in the US, sleep disturbances were reported to be associated with suicidal ideation 
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(p < 0.05) (Wong et al., 2011). To our knowledge, there is one study that evaluated sleep quality 
in relation to suicidal ideation during pregnancy (Gelaye et al., 2015). In an earlier and different 
cohort study of pregnant Peruvian women receiving antepartum care during their first 
trimester, we reported that women with poor subjective sleep quality (PSQI>5) had 1.67-
increased odds of suicidal ideation (aOR = 1.67; 95% CI 1.02-2.71) compared with women who 
had good sleep quality (PSQI<5), after adjusting for confounders including depression. 
Furthermore, women with poor subjective sleep quality and depression had a 3.48-increased 
odds of suicidal ideation after adjusting for confounders (aOR = 3.48; 95% CI: 1.96-6.18) (Gelaye 
et al., 2015). Hence, the present study of pregnant Peruvian women (interviewed in late 
pregnancy) yield associations that are largely consistent with our earlier study. Although 
antepartum depression is highly associated with suicidal ideation; only a proportion of 
participants endorsing suicidal ideation experience the co-occurrence of antepartum 
depression (Zhang, 2015). As such our findings showing increased risk of suicidal ideation in 
those with poor sleep quality in the absence of antepartum depression confirms that sleep 
disturbances are an important independent risk factor for suicidal ideation.  In sum, available 
evidence indicates the need for monitoring sleep quality among pregnant women.  
 
Observed associations of poor sleep quality with suicide ideation are biologically plausible. Poor 
sleep quality may contribute to changes in cognitive and emotional processes, leading to 
behavioral changes characterized as more irritable and emotionally labile.  Changes in these 
emotional and cognitive processes may also pose an increased risk for suicidal behaviors 
(Dombrovski et al., 2008; Keilp et al., 2013; Walker, 2009). Sleep loss during pregnancy has 
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been shown to result in increases in proinflammatory cytokines including interleukin-6 (IL-6) 
(Okun et al., 2007). Elevations in proinflammatory cytokines promote the release of 
prostaglandins which are known to trigger the onset of labor leading to an increased risk in pre-
term delivery (Klebanoff et al., 1990). Chronic systemic inflammation secondary to sleep 
disturbances, poor sleep quality and sleep loss may also contribute to alterations in 
neurochemical signaling pathways and the hypothalamic pituitary adrenal axis that  may play a 
role in the pathogenesis of depression and suicidality (Chang et al., 2010). 
 
There are some limitations in our study that should be considered. First, the use of a cross-
sectional design in the present study does not allow us to establish causality among suicidal 
ideation, depression, and poor sleep quality. Second, the use of self-reported questionnaires 
could lead to underreporting of sensitive or stigmatized behaviors, including suicidal ideation 
and depression. Third, the use of a single item to measure active and passive suicidal ideation 
may exclude important components of suicidal ideation (Lindahl et al., 2005). Fourth, the study 
also has the possibility of residual confounding by unmeasured factors.  Additional covariates 
such as frequent nightmares and clinically relevant insomnia could influence sleep quality and 
suicidal ideation. Additional studies should incorporate the use of longitudinal study design 
which includes an assessment of suicidal ideation and suicidal behaviors over a lifetime or in 
recurrent episodes as well as simultaneous measurements of chronic and acute depression. 
Despite these limitations, our study had a number of strengths including our sample size, use of 
qualified interviewers, and adjustment for several confounders in our analysis.  
 
12 
 
The findings of the present study indicate the need for careful monitoring pregnant women’s 
suicidal behavior and depressive symptoms especially among those with poor sleep quality. 
Replication of our study findings in other populations and further exploration of underlying 
biological mechanisms of observed associations are warranted.  Future studies should also 
further explore intervention programs that ensure healthy support mechanisms in the final 
weeks of pregnancy.  
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Table 1: Sociodemographic and Reproductive Characteristics of the Study Population  
 
 
 
Characteristics 
 
All participants 
(N= 1,298) 
 Suicidal Ideation  
 
No 
(N = 1,188) 
 
Yes 
(N = 110) 
  
 
P value 
c 
n %  n %  n %  
Age (years) a 28.9 ± 6.1  28.9 ± 6.1  28.9 ± 6.4  0.95 
Age (years)           
18-20 49 3.8  44 3.7  5 4.6  
0.54 
20-29 669 51.5  618 52.0  51 46.4  
30-34 311 24.0  279 23.5  32 29.1  
≥35 269 20.7  247 20.8  22 20.0  
Education (years) a 12.2 ± 2.4  12.2 ± 2.4  11.6 ± 2.4  0.004 
Education (years)           
≤6 39 3.0  34 2.9  5 4.6  
0.003 7-12 697 53.7  623 52.4  74 67.3  
>12 562 43.3  531 44.7  31 28.2  
Mestizo (race)          0.29 
    Mestizo 1273 98.1  1167 98.2  106 96.4   
    Other    25 1.9  21 1.8  4   3.6   
Marital Status          0.16 
   Married/living    
   with a partner 
1121 86.4  1032 86.9  89 80.9   
   Single/Divorced 176 13.6  155 13.1  21 19.1   
Employed          0.17 
   No 879 67.7  798 67.2  81 73.6   
   Yes 419 32.3  390 32.8  29 26.4   
Access to basic foods         0.02 
Hard 640 49.3  574 48.3  66 60.0  
 
Not very hard 658 50.7  614 51.7  44 40.0  
Nulliparous          0.04 
   Nulliparous 424 32.7  398 33.5  26 23.6   
   Multiparous 874 67.3  790 66.5  84 76.4   
Planned pregnancy           0.006 
   No 710 54.7  636 53.5  74 67.3   
   Yes 588 45.3  552 46.5  36 32.7   
Smoke during 
pregnancy 
         0.92 
   No 1285 99.0  1176 99.0  109 99.1   
   Yes 13 1.0  12 1.0  1 0.9   
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Table 1: Sociodemographic and Reproductive Characteristics of the Study Population 
 
 
 
 
Characteristics 
 
All participants 
(N= 1,298) 
 Suicidal Ideation  
 
No 
(N = 1,188) 
 
Yes 
(N = 110) 
  
 
P value 
c 
n %  n %  n %  
Alcohol use during pregnancy        0.09 
   No 1261 97.1  1157 97.4  104 94.5  
0.54 
   Yes 37 2.9  31 2.6  6 5.5  
Gestational age at 
interview a  
25.6 ± 1.2  25.5 ± 1.2  25.7 ± 1.3  0.24 
Pre-pregnancy BMI 
(kg/m2) 
25.2 ± 4.0  25.2 ± 3.9  25.6 ± 4.2  0.34 
BMI at interview 
(kg/m2) 
27.7 ± 3.8  27.7 ± 3.8  27.9 ± 4.3  0.52 
Self-reported health (last year)         
    Good 860 66.3  805 67.8  55 50.0  <0.001 
    Poor 438 33.7  383 32.2  55 50.0   
Self-reported health status during 
pregnancy 
 
  
  
 
  
    Good 679 52.3  644 54.2  35 31.8  <0.001 
    Poor 619 47.7  544 45.8  75 68.2   
Antepartum depression b          <0.001 
   No 1165 89.8  1099 92.5  66 60.0   
   Yes 133 10.2  89 7.5  40 40.0   
Due to missing data, percentages may not add up to 100%. 
Abbreviations: PHQ-9, Patient Health Questionnaire-9; BMI, Body Mass Index  
a: Mean ± SD (standard deviation) 
b: Antepartum depression was defined as the PHQ-8 score ≥ 10. 
c: For continuous variables, P-value calculated using Wilcoxon Rank Sum Test; for categorical variables, 
P-value was calculated using Chi-square test or Fisher exact test.  
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Table 2. Model Statistic for Pittsburgh Sleep Quality Index (PSQI) Global Score Associated with Suicidal Ideation (N=1,298) 
Abbreviations: OR, odds ratio; CI, confidence interval  
a: Adjusted for age (years), parity (nulliparous vs. multiparous), access to basics (hard vs. not very hard), education (years) and unplanned 
pregnancy. 
b: Further adjusted for antepartum depression status (yes [PHQ-8 ≥ 10] vs. no [PHQ-8 < 10])  
c: Mean ± SD (standard deviation) 
  
 
 
 
PSQI global score 
PHQ-9 Suicidal Ideation  
 
Unadjusted 
OR (95% CI) 
 
 
Adjusted a  
OR (95% CI)  
 
 
Adjusted b  
OR (95% CI)  
No 
(N = 1,188) 
 Yes 
(N = 110) 
n  %  n  % 
Overall sleep quality         
Good (PSQI global score ≤ 5) 1018 85.7  61 55.5 Reference Reference Reference 
Poor (PSQI global score > 5) 170 14.3  49 44.5 4.81 (3.19-7.24) 4.47 (2.94-6.78) 2.81 (1.78-4.45) 
         
PSQI global score         
Lowest tertile (0-2) 368 31.0  15 13.6 Reference Reference Reference 
Middle tertile (3-4) 522 43.9  32 29.1 1.50 (0.80-2.82) 1.41 (0.75-2.66) 1.25 (0.66-2.37) 
Highest tertile (≥ 5) 298 25.1  63 57.3 5.19 (2.89-9.30) 4.63 (2.57-8.35) 2.82 (1.51-5.27) 
P-value for trend      < 0.001 < 0.001 < 0.001 
       
PSQI global score (continuous)c 3.6 ± 1.8   5.2 ± 2.3 1.42 (1.30, 1.56) 1.41 (1.29, 1.54) 1.28 (1.15, 1.41) 
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Table 3. Associations between Sleep Quality, Depressive Symptoms, and Suicidal Ideation (N=1298)  
Sleep quality a and depressive symptoms b 
Suicidal ideation  
Unadjusted 
OR (95% CI) 
Adjusted c 
OR (95% CI) 
No (N = 1,188)  Yes (N = 110)  
n %  n %  
         
Good sleep quality, no depression 968 81.5  44 40.0  Reference Reference 
Good sleep quality, depression 50 4.2  17 15.5  7.48 (3.99-14.01) 7.28 (3.86-13.75) 
Poor sleep quality, no depression 131 11.0  22 20.0  3.69 (2.15-6.36) 3.50 (2.02-6.06) 
Poor sleep quality, depression 39 3.3  27 24.5  15.23 (8.56-27.10) 13.56 (7.53-24.41) 
        P-value for multiplicative interaction       0.20 0.18 
         
a: Good sleep quality was defined as the PSQI global score ≤5; poor sleep quality was defined as the PSQI global score >5. 
b: No depression was defined as the Patient Health Questionnare-8 (PHQ-8) score < 10; depression was defined as the PHQ - 8 score ≥ 10.  
c: Adjusted for age (years), parity (nulliparous vs. multiparous), access to basics (hard vs. not very hard), education (years), and unplanned 
pregnancy; odds ratio was calculated by including an interaction term between sleep quality and antepartum depression in the model.  
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Figure 1. Mean (with standard error bars) self-reported Pittsburgh Sleep Quality Index (PSQI) Global Score according to Sleep Quality a, 
Antepartum Depression Status b, and Suicidal Ideation (N = 1,298)  
 
a: Good sleep quality was defined as the PSQI global score ≤5; poor sleep quality was defined as the PSQI global score >5. 
b: No depression was defined as the Patient Health Questionnare-8 (PHQ-8) score < 10; antepartum depression was defined as the PHQ- 8 score 
≥ 10.  
 18 
 
 
Figure 2. Relation between Self-reported Pittsburgh Sleep Quality Index (PSQI) Global Score and Risk 
of Suicidal Ideation (solid line) with 95% Confidence Interval (dotted lines). Vertical bars along PSQI 
axis indicate distribution of study subjects.  Model was adjusted for maternal age, parity, access to 
basics, education and unplanned pregnancy. 
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Figure 3. Mean (with standard error bars) Pittsburgh Sleep Quality Index (PSQI) Global Score by 
“Sleep Quality” Component (N=1,298)  
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Supplement Table 1. Pittsburgh Sleep Quality Index (PSQI) Components According to Suicidal 
Ideation (N= 1,298)  
Characteristics 
All participants 
(N= 1,298) 
 PHQ-9 Suicidal Ideation 
 
No 
(N = 1,188) 
 
Yes 
(N = 110) 
 
 
P-value a 
n %  n %  n % 
Sleep duration (hours)           
≤6.0 121 9.3  101 8.5  20 18.2  
0.01 
6.1-7.0 251 19.3  233 19.6  18 16.4  
7.1-8.0 395 30.4  366 30.8  29 26.4  
≥ 8.1 531 40.9  488 41.1  43 39.1  
Sleep latency (minutes)           
≤ 15  795 61.3  735 61.9  60 54.5  
0.02 
16-30  419 32.3  383 32.2  36 32.7  
31-60 75 5.8  61 5.1  14 12.7  
≥ 60 9 0.7  9 0.8  0 0.0  
Daytime dysfunction due to sleep           
Never 753 58.0  720 60.6  33 30.0  
<0.001 
< Once a week 433 33.4  379 31.9  54 49.1  
1-2 times per week 102 7.9  82 6.9  20 18.2  
≥ 3 times per week 10 0.8  7 0.6  3 2.7  
Sleep efficiency (%)           
≥ 85 1274 98.2  1166 98.2  108 98.2  
0.21 
75-84 15 1.2  15 1.3  0 0.0  
65-74 5 0.4  4 0.3  1 0.9  
< 65 4 0.3  3 0.3  1 0.9  
Sleep medicine during past month           
Never 1295 99.8  1186 99.8  109 99.1  
0.23 
< once a week 0 0.0  0 0.0  0 0.0  
1-2 times per week 2 0.2  1 0.1  1 0.9  
≥ 3 times per week 1 0.1  1 0.1  0 0.0  
Overall sleep quality          <0.001 
Good (PSQI ≤ 5) 1079 83.1  1018 85.7  61 55.5   
Poor (PSQI > 5) 219 16.9  170 14.3  49 44.5  
a: P-value was calculated from Chi-Square test or Fisher’s exact test. 
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Highlights 
 This is the first reported study to assess the independent relationship between sleep 
quality and suicidal ideation in late pregnancy 
 Poor sleep quality, even after adjusting for depression, is associated with 
antepartum suicidal ideation.  
 Our findings indicate the need for careful monitoring pregnant women’s suicidal 
behavior and depressive symptoms especially among those with poor sleep quality. 
